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Urinary lactic dehydrogenase isoenzyme 5 in the differential
diagnosis of kidney and bladder infections. Urinary lactic
dehydrogenase (U-LDH) isoenzyme assays were performed on
children with clinically proven kidney (N = 16) and bladder infec-
tions (N = 22)as well as normal controls (N = 24). Documentation
of bladder and kidney infection was accomplished by means of the
bladder washout test, culture of ureteric urine (in patients with
urinary diversion), kidney function studies including the maximal
urine concentration test, clinical symptomatology and radiologic
appearance of the urinary tract. Total U-LDH in normal children
(10.8 I mU/mI) was lower than in patients with bladder (27.0
3.9 mU/mI) or kidney (226 67.3 mU/mi) infections (P <0.005).
In normal children isoenzymes I and 2 predominated (LDH-l
migrates fastest to anode — fast zone pattern). In patients with
bladder infections, the isoenzyme patterns varied but the con-
centration of isoenzyme 5 (3.1 0.8 mU/mi) was lower (P <
0.005) than in patients with kidney infections (120 39 mU/mI).
In the latter, isoenzymes 4 and 5 predominated (slow zone pat-
tern). Since overlap between kidney and bladder infections regard-
ing isoenzyme 5 concentrations (at 3 SD) occurred in only one
individual (patient 37), a correct differential diagnosis using
U-LDH-5 alone would have been possible in 94% of the children
with pyelonephritis or 97% of the total patient population (kidney
+ bladder).
lsoenzyme 5 de LDH dans le diagnostic différentiel des infections
rénales et vésicales. Des dosages d'isoenzyme de La lactico-
déhydrogénase urinaire (U-LDH) ont été réalisés chez des enfants
ayant une infection rénale (N = 16) ou une infection vésicale (N =
22) prouvées cliniquement et chez des sujets témoins (N = 24). Le
CaraCtère vésical ou renal de l'infection a Cté précisé au moyen de
lCpreuve de lavage vésical, de La culture de I'urine urCtCrale (chez
les malades ayant une derivation urinaire), des épreuves fonction-
nelles rénales incluant l'étude du pouvoir de concentration, par
étude des symptomes cliniques et de l'aspect radiologique de l'ap-
pareil urinaire. U-LDH totale chez les enfants normaux (10,8 I
mU/rn!) est inférieure a cc qui est observe chez les malades atteints
respectivement d'infection vésicale (27,0 + 3,9 mU/mI) ou rénale
(226 + 67,3 mU/mi). Chez les enfants normaux Ies isoenzymes 1 et
2 prédominent (LDH-l migre plus vite vers l'anode). Chez les
malades atteints d'infection vésicale les aspects des isoenzymes
sont variables mais La concentration d'isoenzyme 5 (3,1 0,8
mU/mI) est inférieure (P < 0,005) a celle des malades atteints
d'infection rénale (120 + 39 mU/mI). Chez ces derniers les isoen-
zymes 4 et 5 prédominent. Du fait qu'un recouvrement (a 3 écarts
types) en cc qui concerne l'isoenzyme 5 n'a été observe que chez un
malade un diagnostic difl'érentiel correct est possible chez 94% des
enfants atteints de pyélonéphrite ou 97% de Ia population totale
des malades.
Precise localization of the site of infection is a
desirable and logical step to the proper management
of patients with urinary tract infections [1, 2]. The
site of infection cannot be ascertained on clinical
grounds alone and usually requires special diagnostic
procedures [3—6].
Direct and indirect methods of localization have
been developed. The former are based on isolation of
the infecting organism from kidney biopsy material
[7], ureteral urine [8] or bladder washout specimens
[3]. The indirect methods include the following: as-
sessment of maximal urine concentrating capacity [9,
10], determination of specific serum antibodies
against the infecting organism [11—13], assay of
urinary enzymes [14, 15], urinary leukocyte excretion
rates [16] and examination of the urine for leukocyte
casts [17] or antibody-coated bacteria [18, 19].
The direct methods while reliable are invasive,
time-consuming, expensive and potentially hazard-
ous; therefore, they are applicable to only a small
segment of the patient population [2, 8]. The indirect
methods, while usually easier to perform, are general-
ly less specific [12, 13]. A possible exception to this
may be the antibody-coated bacteria test [18, 19].
The present investigation was undertaken to deter-
mine whether or not urinary lactic dehydrogenase
(LDH) isoenzyme assays could be accurately used to
differentiate between kidney and bladder infections.
Methods
Patients. Thirty-eight children 9 months to 16 yr of
age constituted the subjects for the study. Patients
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were selected from the general pediatric and pediatric
nephrology clinics of the University of Texas Medical
Branch in Galveston. The only criterion for admit-
tance to the study was documentation of acute or
recurrent, untreated urinary tract infection, Informed
consent was obtained in all instances. Diagnosis of
infection required a minimum of two urine cultures
(taken within 48 hr) disclosing the same urinary
pathogen, the same antibiotic sensitivities and colony
counts in excess of 100,000/mi of urine. Attempts at
localization of the site of infection, described below,
were then undertaken.
Control population. Healthy children ranging in age
from 9 months to 16 yr served as controls (13 girls, 11
boys). These children had no history or evidence of
urinary tract infection or pre-existing renal disease. A
normal urinalysis and a negative urine culture were
prerequisites (Table 1).
Criteria for kidney infections. The association of
one major and at least two minor diagnostic criteria
was required for diagnosis of active kidney
parenchymal infection. Major criteria included either
a positive finding on the bladder washout test or, in
patients with urinary diversion, a minimum of two
positive urine cultures obtained by means of the
double-catheter technique [20]. Minor diagnostic
criteria included the following: a) associated systemic
symptomatology (fever, chills, prostration, vomit-
ing); b) inability to concentrate the urine above
700 mOsm/liter after 16 hr of water deprivation; c)
radiologic abnormalities such as vesico-ureteric
reflux, staghorn calculi, cortical scars, calyceal dilata-
tion or distortion, or hydronephrosis; and d) signifi-
cant impairment of kidney function (greater than a
25% reduction in inulin or creatinine clearance).
Criteria for bladder infection. The diagnosis of
bladder infection required a negative finding on the
bladder washout test and a normal i.v. urogram. The
bladder washout test was performed according to a
minor modification of Fairley's original technique
[31.
After insertion of a Foley catheter, an initial sam-
ple of urine was collected. The bladder was then filled
with 50 ml of a 0.2% neomycin solution containing
two ampules of Elase (Parke Davis). This solution
was allowed to remain in the bladder for 45 mm. The
bladder was then emptied and washed with 2 liters of
sterile water. The last few drops of fluid which
drained from the bladder following the washout were
saved as specimen 2. Urine collections were then
Table 1. Age, sex and laboratory data in 24 healthy children (normal controls)°
Subject
No.
Age
yr
.Urine culture
(colony count
Sex >100,000/mI)
Urinalysis Urinary LDH isoezymes,mU/mi
SG pH Prot HPF HPF 5 4 3 2 I Total
I 6 M Negative 1.019 5.0 N 0 0 0 0 0 0 14 14
2 3 F Negative 1.020 6.0 N 0—1 0 0 0 0 0 4 4
3 3 M Negative 1.032 5.0 N 0—2 0 0 0 0 0 19 19
4 8 F Negative 1.020 5.0 N 0—2 0 1.5 1.5 1.5 1.5 8 14
5 16 F Negative 1.026 5.0 N 0—2 0 0 0 0 3.5 10.5 14
6 15 M Negative 1.032 5.0 N 0—2 0 0 0 0 0 24 24
7 8 M Negative 1.032 6.0 N 0—2 0 0 0 0 0 12 12
8 6 F Negative 1.032 6.0 N 4—6 0 0 0 0 0 9 9
9 5 M Negative 1.035 6.0 N 0—2 0 0 0 0 0 9 9
10 8 M Negative 1.030 6.0 N 1—3 0 0 0 0 4.9 9.2 14
II 4 F Negative 1.014 6.0 N 0—2 0 0 0 0 0 14 14
12 16 F Negative 1.014 5.0 N 0—3 0 1.8 1.8 1.8 1.8 1.8 9
13 8 F Negative 1.014 6.0 N 0—4 0 4 5 3 2 1.0 15
14 4 F Negative 1.032 5.0 N 1—3 0 1.8 1.8 1.8 1.8 1.8 9
15 4 F Negative 1.027 6.5 N 0—2 0 0 0 0 0 14 14
16 8 F Negative 1.020 5.0 N 0—2 0 1.8 1.8 1.8 1.8 1.8 9
17 7 M Negative 1.017 6.5 N 0—I 0 0.5 1.0 1.0 1.0 0.5 4
18 6 M Negative 1.022 6.0 N 1—3 0 0 0 0 0 4.0 4
19 4 F Negative 1.017 6.0 N 0—2 0 5.7 1.6 1.6 2.5 2.5 14
20 2 M Negative 1.014 6.5 N 0—3 0 1.0 1.0 1.0 0.5 0.5 4
21 16 M Negative 1.028 5.0 N 0—I 0 2.4 2.4 2.4 2.4 2.4 12
22 16 F Negative 1.017 6.0 N 0—1 0 3.0 2.5 2.5 1.0 0 9
23 7 F Negative 1.017 5.0 N 0—2 0 1.2 1.2 1.2 1.2 1.2 6
24 13 F Negative 1.011 6.5 N 0—2 0 0.8 0.8 0.8 0.8 0.8 4
Mean 8.0 14F 1.022 5.67 1.1 0.9 0.9 1.1 6.8 10.8
SCM 0.9 IOM 0.001 0.12 0.3 0.2 0.2 0.3 1.3 1.0
so 4.6 0.007 0.59 1.4 1.2 1.0 1.2 6.4 5.0
as specific gravity; Prot, protein; WBC, white blood cells; HPF, high power field; N, negative.
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made every ten minutes until five additional
specimens were collected (samples 3 to 7). All
specimens collected during the procedure were sub-
jected to quantitative bacterial culture. Patients were
classified as having "bladder" infections if all cultures
after bladder sterilization and washout were negative.
Patients were classified as having "kidney" infection
if the following criteria were met: a) culture 2 dis-
closed no bacterial growth; b) bacterial colony count
was greater than lOO/ml of urine on four of the
specimens; and there was at least a tenfold increase
between specimen 3 and specimens 4 to 7 [21].
Urinary LDH assays. Urine samples were obtained
from control and study patients during the morning
hours. The children were first asked to empty their
bladders and discard the urine. A second urine sam-
ple was then obtained (usually within 30 mm). LDH
assays were performed within two to three hours of
collection, During the interim, the urine was stored at
4°C. Total LDH activity of undiluted and undialyzed
urine was assayed according to the method of
Wroblewski and LaDue [22] on a Gilford 3400
system (Gilford Instruments Co., Oberlin, OH).
LDH activity was expressed as milli-international un-
its per milliliter (mU/mI).
The isoenzyme bands were visualized after
electrophoresis on thin film agarose. The assay was
carried out as follows: the urine was applied to the
well in the thin film agarose (620E) according to the
following scheme; if total LDH activity was less than
100 mU/mi, then 4 p1 was applied in 1 p1 aliquots; if
the urine LDH activity was greater than 100 mU/mI
but less than 500 mU/mI, then a total of 2 p1 was ap-
plied in 1 p1 aliquots, and if the total urine LDH ac-
tivity was over 500 mU/ml, then 1 pl or a suitable
dilution was applied to correspond to this range.
Electrophoresis was carried out for 25 mm, and im-
mediately after, 1 ml of the mixed visualization
reagent (1.2 mg/mI of p-nitroblue tetrazolium, 70
mg/mi of phenazine methosulfate, 2 mg/mI of
nicotinamide adenine dinucleotide, 0.2M disodium
lactate in 0.08M tris-hydroxymethylaminomethane
buffer pH 8.5) was applied to the isoenzyme field and
this was incubated in a stain tray at 37°C for 45 mm
for color development. The enzymatic reaction was
stopped by a 1-mm wash in 10% acetic acid in
methanol and the plate was then dried at 75°C for 30
mm. Quantitation of the LDH isoenzymes was
achieved by scanning the pattern with the den-
sitometer using a 605 flM filter. The percentage of
each fraction was calculated and multiplied by the
total activity to get the unit value for each fraction.
The fraction that migrated the fastest to the anode
was termed isoenzyme 1.
Results
Normal controls. Total urinary LDH activity in 24
healthy children (11 boys, 13 girls) ranged from 4 to
19 mU/mi of urine; the mean was 10.8 mU/mi, and
the SEM, 1.0 mU/mi of urine. The usual isoenzyme
pattern was of the "fast zone" type (isoenzymes 1 and
2 predominating). lsoenzymes 3, 4 and 5 were present
in amounts ranging from 0 to 5.7 mU/mI (Table I).
The urine specific gravity ranged from 1.011 to
1.035 (mean, 1.022), and the urine pH, from 5 to 6.5
(mean, 5.3). Determinations for protein, glucose and
ketones were negative. With the exception of an oc-
casional white blood cell, examination of the sedi-
ment yielded negative results. Urine cultures were
also negative (Table 1).
Kidney infections. Sixteen patients (nine girls, seven
boys) met the diagnostic criteria for active
parenchymal infections (Table 2). Nine of these
children (patients 25 through 33) had undergone
either cutaneous ureterostomy or ileal conduit diver-
sion and urine for culture was collected directly
through the stoma utilizing a double-catheter techni-
que. The other seven patients had intact urinary
tracts and positive bladder washout results. The latter
had lower concentrations of urinary enzyme activity
than the former, but no statistical differences between
the two subgroups could be demonstrated (Table 2).
Total U-LDH activity in the 16 patients with
kidney infections ranged from 117 to 1100 mU/mi
(mean, 226 67 mU/mI). This level was significantly
higher than in patients with bladder infections or nor-
mal controls (P < 0.005). Urinary LDH isoenzyme 5
ranged from 5.9 to 640 mU/mi (mean, 120 + 39
mU/mi) and was significantly higher than in patients
with bladder infections or normal controls (P <
0.005). Only one child (patient 37),—with pyelo-
nephritis diagnosed on the basis of a positive blad-
der washout finding, fever and inability to max-
imally concentrate the urine — had urinary LDH
isoenzyme 5 concentrations in the same range as
patients with bladder infections (Fig. 1). On the other
hand, there were seven patients with kidney infec-
tions whose total urinary LDH concentrations
overlapped with those in the bladder infection group
(Fig. 2).
After 16 hr of water deprivation, only three of the
patients with kidney infections (patients 31, 36 and
39) were able to concentrate the urine above 700
mOsm/liter. The results of urinalysis, urinary LDH
isoenzyme assays, urine culture and urinary con-
centrating ability in patients with kidney infections
are summarized in Table 2.
Bladder infections. On the basis of the bladder
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above 700 mOsm/liter (range, 505 to 660 mOsm/
liter), In three children (patients 45, 53 and 59),
concentrating ability was not tested (Table 3).
The urinalysis usually disclosed pyuria but no clear-
cut correlation could be established between the
number of white blood cells per high power field and
total urinary LDH activity or any of its isoenzymes
(Table 3).
Discussion
Abnormally high levels of urinary LDH activity
have been reported in patients with bladder car-
cinoma [23], prostatic malignancies [23], toxic and
ischemic nephropathy [24, 25], renal neoplasia [23],
nephrosis [26], acute and chronic pyelonephritis [27]
and several other nephritides [23, 28]. Differentiation
among these conditions on the basis of urinary LDH
concentrations has not been possible and little signifi-
washout test, 22 girls were diagnosed as having blad-
der infections (Table 3). Total U-LDH activity
ranged from 6 to 76 mU/mi (mean, 27 3.9
mU/mi). These values were significantly higher than
total U-LDH in normal controls (P < 0.005) but
considerably lower than the corresponding values in
patients with kidney infections (P < 0.005). LDH
isoenzyme 5 concentrations ranged from 0 to 11.4
mU/mi (mean, 3.1 0.8 mU/mi) and were also
higher than in normal controls (P < 0.005) but lower
than in patients with kidney infections (P < 0.005).
Thirteen of the 22 children in the bladder infection
group concentrated the urine normally (range, 851 to
1135 mOsm/liter) while 6 children (patients 41, 43,
46, 48, 58 and 61) failed to concentrate the urine
Fig. 2. Total urinary LDH activity (in U/mi) in 24 normal chil-
dren, 22 children with bladder infections and /6 children with
kidney infections. The horizontal line depicts the mean level for
each group and the height of the bar, 3 so above the mean.
controls infections infections
Fig. 1. LDH isoenzyme 5 activity (mU/mi) in 24 normal children,
22 children with bladder infections and 16 children with kidney
infections. The horizontal line depicts the mean concentrations
for each group and the height of the bar, 3 so above the mean.
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Fig. 3. Urinary LDH isoenzyme patterns in 16 children with
kidney infections and 22 children with bladder infections.
cance has been attached to the presence of abnormal
LDH concentrations in the urine [28, 29].
Electrophoretic separation and semiquantitation
of LDH isoenzyme fractions seem to offer greater
diagnostic possibilities [30]. Low urinary concentra-
tions of isoenzyme 1 have been reported in the early
stages of diabetic nephropathy [31] and in pre-
eclampsia [32]. High concentrations of the slow-
moving fractions (4 and 5) have been detected in the
urine of patients with renal calculi [24] and, ac-
cording to Hume et al, at the beginning of renal
homograft rejection [33]. The present report ex-
amines the diagnostic value of urinary LDH isoen-
zyme assays in an area not previously explored.
On the basis of the bladder washout test and other
direct and indirect diagnostic procedures, the site of
infection was localized to the bladder in 22 children
and to the kidneys in 16 children. Their laboratory
findings were then compared with those of 24 healthy
children. Urinary tract infection regardless of site
resulted in a significant increase in total urinary LDH
activity (P < 0.005). Though patients with kidney in-
fections disclosed U-LDH concentrations higher
than patients with bladder infections (P < 0.005),
considerable overlap between the two groups occur-
red. Sole reliance in total U-LDH concentrations
would have resulted in misdiagnosis of seven of the
16 children with pyelonephritis (Fig. I).
Analysis of isoenzyme patterns revealed significant
differences between patients with pyelonephritis and
patients with bladder infections. These differences ap-
peared to be highly reliable in distinguishing between
the two groups (Fig. 3). The concentration of isoen-
zyme 5 in patients with pyelonephritis was 120 39
mU/mi, while in the group with bladder infections,
the value for this isoenzyme was 3.1 0.8 mU/mi,
Overlap between kidney and bladder infections
regarding isoenzyme 5 activity occurred in only one
patient (Fig. 2). Therefore, the exclusive use of U-
LDH isoenzyme 5 concentrations would have permit-
ted a correct diagnosis of the site of infection in 15 of
the 16 patients with kidney infections (94%) and all
(100%) of those with bladder infections. With the ex-
ception of the antibody-coated bacteria test [18, 19],
this degree of diagnostic accuracy has not been
previously reported for indirect localization tests.
The latter appears to be as reliable and safe as the
urinary LDH isoenzyme assay but it lacks objectivity.
Differences between 1+ and 4+ immunofluorescent
staining of bacteria in the urine represent subjective
evaluations and their significance remains to be
determined. Furthermore, the specificity of the
fluorescence observed in urines with antibody-coated
bacteria must be demonstrated each time the test is
performed by blocking the fluorescence reaction with
unconjugated antihuman globulin. This requires
specialized laboratory facilities which limits the
usefulness of the test.
In evaluating the source of the diagnostically im-
portant urinary LDH 5, four main potential sources
should be considered: I) glomerular filtration, 2)
white blood cells, 3) kidney tissue and 4) kidney tissue
as modified by the infectious process.
1) Glomerular filtration is an unlikely source
because the mol wt of LDH isoenzymes ranges from
129,000 to 155,000 [24] and substances with a mol wt
exceeding 70,000 are not generally excreted in the
urine [34].
2) White blood cells have been reported to alter
the normal "fast zone" (anodic) pattern toward a
predominance of the cathodic isoenzymes [35]. Many
of the patients in this study had significant pyuria but
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no clear-cut correlation with enzymuria could be
demonstrated; patients with distinctly abnormal
urinary sediments (patients 38, 39, 45 and 61) were
seen who had relatively low concentrations of U-
LDH and vice versa (patients 25, 30 and 31). These
studies were not designed to determine the source of
urinary LDH and further investigations regarding the
possible contribution of formed elements to urinary
isoenzyme excretion are certainly justified.
3) Cellular turnover (cell death and desquamation
of renal cells) has been proposed to be a possible
source of U-LDH activity [24, 36]. In kidney tissue,
however, isoenzyme 5 is present in relatively small
quantities [37—39]. Even in the tip of the papilla
where the highest concentrations are seen, no more
than 15% of the total LDH activity is represented by
fraction 5 [37].
4) While no single area or zone within the kidney
disclosed a "slow zone" pattern in Mattenheimer
studies, Ringoir [39] has demonstrated that in cor-
tical tissue from patients with pyelonephritis and
acute tubular necrosis isoenzyme 5 predominated.
Furthermore, he reported that high concentrations of
isoenzyme 5 are seen in the serum of these patients.
These observations imply that infection, ischemia or
necrosis alters the isoenzyme composition of kidney
tissue and that LDH fractions in abnormal con-
centrations may then find their way into blood and
urine. If this assumption is correct, then isoenzyme
assays in the urine of patients with other forms of
renal disease may provide diagnostic clues not
otherwise obvious from examination of the urinary
sediment [24, 40].
Although there is no direct evidence that the infec-
tious process as such was responsible for the in-
creased U-LDH or, specifically, isoenzyme 5, both
decreased markedly following eradication of the in-
fection. In patients with bladder infections, urinary
LDH concentration invariably returned to normal
within two to three weeks. In patients with kidney in-
fections, this response varied considerably (six weeks
to six months) but eventually normal concentrations
were attained.
A number of interfering substances or inhibitors to
urinary LDH isoenzymes have been demonstrated in
human urine [40, 41]. According to Mattenheimer
[37], two groups of inhibitors may be identified. One
can be removed by dialysis and the other cannot.
Low molecular weight peptides may be removed by
dialysis against tap water or polyacrylamide gel filtra-
tion [41], but the assay is made more cumbersome
and the potential benefits of such manipulation are
still questionable [40]. Some chemotherapeutic
agents which are excreted in the urine (i.e.,
nitrofurantoin) interfere with the determination of
LDH activity [42]. Freezing and thawing if done
slowly or repeatedly will denature LDH [41];
likewise, exposure of the urine for 2 to 3 hr to room
temperature or prolonged refrigeration (greater than
48 hr) will decrease the activity of the enzymes. All of
these factors must be taken into consideration in
order to properly interpret the results of the assay
and ensure maximum accuracy and applicability.
In conclusion, the assay for urinary LDH isoen-
zymes represents a simple, inexpensive and reliable
method to differentiate between kidney and bladder
infections. It has the advantage over other equally
reliable diagnostic procedures (bilateral ureteral
catheterization, bladder washout test and antibody-
coated bacteria test) in that the assay can be per-
formed on a routine basis by most clinical
laboratories; hence, it affords greater applicability to
the patient population. The test is also useful for
screening purposes.
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